INTRODUCTION
Cortisone alters the normal physiological and biochemical activities of many tissues (1-4) and of special interest has been its effect on protein metabolism. Clark (5) reported that cortisone has both an "anti-anabolic" and "anabolic" effect upon protein metabolism. Caspersson (6) has linked nucleic acid metabolism with the synthesis of protein and it seemed possible, therefore, that a study of the effects of cortisone upon nucleic acid metabolism might contribute knowledge toward understanding the relationship between cortisone and protein metabolism.
Lowe and Williams (7, 8) and others (9, 10) by use of both chemical and histochemical techniques demonstrated in rats and rabbits a radical alteration of the ribonucleic acid content of hepatocytes following cortisone treatment. Other workers have shown alterations of protein content and an increase in the RNA/DNA ratio of various tissues following cortisone administration (11, 12) . The present paper presents a detailed study of the effects of cortisone on the chemical composition of rat liver, with particular attention to alterations in distribution and chemical state of the RNA within the cell. Chemical analyses of particulates were performed after cell disruption and differential centrifugafion, and nucleic acid synthesis was examined by means of p3, tracer studies.
It was found that following cortisone administration when the usual method of obtaining RNA was applied to the mitochondria, the RNA was no longer reprecipitable by trichloracetic acid (TCA) after prior ethanol precipitation at 20°C. Under these conditions the polymerized RNA of the microsomes was reduced though not absent. A substance corresponding in properties to RNA was, however, obtained from mitochondria and microsomes when ethanol precipitation was conducted at 4°C. rather than 20°C. Furthermore, incuba-tion of mixtures of n o r m a l and cortisone-treated rat liver h o m o g e n a t e s resulted in the loss of " w a r m -p r e c i p i t a b l e " R N A from normal liver. These d a t a indicated t h a t cortisone t r e a t m e n t was able to affect the structure of R N A and suggested the presence of a n e n z y m e in the cortisone-treated rat liver which caused this alteration. T h e n e w R N A was found to h a v e a different r a t e of incorporation of ps, from t h a t of normal R N A .
Materials and Methods
Animals.--Male rats of the Wistar strain, 1 weighing from 100 to 120 gin., were fed ad libitum on a lablox R diet? All animals were fasted for 24 hours before removal of liver for study; to avoid alteration due to diurnal variations in metabolism all animals were killed between 9.00 and 10.00 a.m. One group of rats received cortisone acetate 3 by intramuscular injection, 25 reg./day for 5 days (cortisone animals). 4 Control animals received no injections (normal animals). A third group of animals received cortisone in the usual way but these animals were not killed until 8 days after the fifth dose of cortisone. In one group of experiments (Table V) animals received cortisone for from 1 to 5 days.
Cdlular Disrupgon.--At the time of sacrifice, the animals were lightly anesthetized with ether, the hepatic vein was severed, and the liver excised. The livers were rinsed in the suspending medium, blotted dry, and placed in an iced steel meat press. The expressed liver pulp was then rapidly weighed on a chilled watch glass and transferred to an iced Potter-Elvehjem type, plastic plug homogenizer. A 10 per cent homogenate was prepared in 0.25 M sucrose.
The centrifugal scheme usedwas in general the one described by Barnum and Huseby (13, 14) and resulted in the preparation of five fractions; namely, nuclei, mitochondria, microsomes, ultracentrifugable, and non-sedimentable. The mitochondrial pellet was washed twice and the first supernatant pooled with the supernatant remaining after sedimentation of mitochondria. The fractionations were performed in a Servall angle centrifuge, an International refrigerated centrifuge and a Spinco model I, ultracentrifuge. Pertinent data on centrifugal conditions are summarized below. 4 To avoid the awkward phrase "liver from rats treated with cortisone," in the text, this has been simplified to "cortisone liver."
Centrifugal Conditions
These same abbreviations will be used throughout the text as well as in charts and tables. Other abbreviations are listed below. 5 Chemical Analyses.-Glycogen: To 1 ml. of brei were added 1 ml. of concentrated HC1 and 8 ml. of distilled water and the mixture was kept in a boiling water bath for 10 minutes. This treatment precipitated most of the protein and hydrolyzed the glycogen. After centrlfugation i the residue was discarded and the supematant neutralized and then analyzed for carbohydrate by the Nelson modification of the Somogyi technique (15, 16) .
Nucleic Acids. The total nucleic acid content of brei or fractions was extracted with hot TCA by the method of Schneider (17) . The TCA extract was analyzed for ribose as described by Brown (18) and deoxyribose by the diphenylamine reaction (13, 19) .
"Polymerized" RNA was obtained by the method of Barnum and Huseby (20) . Nucleic acid was extracted for 30 minutes at 100°C. in 10 per cent sodium chloride solution. The sodium nucleates in the clear supernatant were then precipitated with 2 volumes of ethanol, and the mixture was allowed to stand for 12 hours at 20°C. The nucleates were then redissolved in HiO, precipitated by 1/3 volume of iced 20 per cent TCA, and this precipitate treated according to the Schneider method. Ribose analysis was performed on the TCA extract resulting from the Schneider procedure. This technique is referred to hereafter as the "warm" process. Another procedure was also used to prepare polymerized RNA. This is called the "cold" procedure and differs from the "warm" procedure only in that sodium nucleates were precipitated by alcohol at 4°C. for 12 hours rather than at 20°C.
Phosphorus. Inorganic phosphorus was precipitated as the Mg salt, (MgNH4PO4.6H~O) (21) . Any material to be analyzed for phosphorus was wet ashed with sulfuric acid on a sand bath. Oxidation was completed with concentrated nitric acid and phosphorus was estimated by the colorimetric method of Fiske and SubbaRow (22) . All preparations analyzed for RNA were alsoanalyzed for pe and unless these values agreed within 5 per cent, assuming a statistical tetranucleotide, the data were discarded. This occurred infrequently.
Nitrogen. Aliquots of whole liver and portions of rehomogenized pellets were suitably diluted for wet ashing. Nitrogen was determined by the Kjeldahl method using the micro modification of Pregl with the borate buffer described by Ma and Zuazaga (23) .
IncubaZion Experiments.--Normal liver, cortisone liver, and a mixture of equal volume,J of both were incubated as 10 per cent homogenates in 0.25 ~ sucrose at 37°C. for 30 minutes. The homogenates were then fractionated by centrlfugation and analyzed in the usual way.
Ultraviolet Absorption Studies.--Total and mitochondrial RNA were isolated from the liver of normal and cortisone-treated animals by extraction with i0 per cent NaC1 at 100°C. The sodium nucleates from one portion of each preparation were precipitated in the usual manner with alcohol at 20°C. The sodium nucleates from the other portion were precipitated in a similar way except that the precipitation was performed at 4°C. The nucleic acids were purified as usual and solubllized by hot acid except that 0.9 N perchloric acid (PCA) replaced TCA. All supernatants and residues were saved. Four fractions resulted: (a) the alcohol supernatants; (b) the cold PCA supernatants; (c) the supernatants from the treatment of water-insoluble material with hot PCA; (d) the supernatants resulting from the treatment of 6 RNA, ribonucleic acid, measured and recorded as ribose. Ribose X 2.14 = RNA. DNA, deoxyribonucleic acid, measured and recorded as deoxyribose. Deoxyribose X 2.30 = DNA.
All values in tables represent means and standard errors of the mean per gram of wet liver unless otherwise indicated.
No. of exp., number of animals used to derive mean, one animal per experiment. 6 Data contained in Tables V and VII were analyzed only for ribose.
cold PCA-insoluble material (RNA) with hot PCA. When these supematants had been appropriately diluted, spectral absorption was read at 265 m/z.
Tracer Te~hniques.--P 32, suitably diluted, was injected intraperitone~liy ~ into normal animals and those that had received cortisone for 5 days. The rats were killed in the usual fashion 1 hour after injection and appropriate fractions were obtained. In those experiments designed to obtain the time curve for uptake of inorganic P, animals were killed at selected intervals after injection s of p32. Counting was performed by the use of a dipping tube; P analyses and counting were done on portions of the same preparation. An aliquot was obtained for ribose analysis prior to ashing, and unless the values for ribose and P agreed within 5 per cent, assuming a statistical tetranucleotide, the data were discarded. Counts were recorded as relative specific activity (RSA):
Counts/min./#g. P
Counts/min.//~g. inorganic P i
EXPERr~ENTAL m~sm~rs
Animals that received cortisone lost body weight while liver weight increased as much as 50 per cent. The increase in liver weight was not due to edema, since the per cent dry weight of the livers did not decrease significantly. A large part of the increase in weight was due to the accumulation of glycogen. Also noted was a fall in the concentration of total R N A . The values for R N A returned to normal 8 days after discontinuation of cortisone, indicating that cell death had not resulted from cortisone administration. These observations are recorded in Table I .
Nitrogen determination provided an index of the size of the fraction or pellet. Total nitrogen rather than protein nitrogen was measured since it seemed possible that cortisone might have altered protein structure sufficiently to make the distinction between simple proteins and complex polypeptides vague. Purine and pyrimidine N were also analyzed b y this technique b u t except in the Mi fraction contributed but a small amount to the total N. As can be seen in Table II , there was an appreciable fall in the concentration of nitrogenous compounds in all fractions but the fall was greatest in Mi.
The proteins associated with R N A are associated with lipide-bound phosphorus (24) . Table I I I summarizes observations on variations in lipide P and indicates that following cortisone administration a fall in concentration occurred in all fractions except U.
Polymerized R N A in the various cellular particulates was changed in amount b y cortisone administration as recorded in Table IV . I t was absent from the Mit and at the same time decreased significantly in the Mi and U fractions? 0.4/ze./gm. body weight.
s In these experiments, homogenization was performed in 0.85 per cent W/V NaC1 solution made to pH 7 with 0.1 N NaOH and a 10 per cent suspension prepared.
9 The use of slightly alkaline 0.85 per cent saline as a suspending medium for differential centrifugation studies of normal liver and the liver from cortisone-treated animals gave results similar in many respects to those observed with sucrose. The single exception was the U frac-
The relation between duration of cortisone administration and changes in polymerized RNA was next examined. As can be seen in Table V of Mit had fallen to zero by the 2nd day, while that of Mi fell slowly but constantly, not reaching its lowest level until the 5th day. The U fraction behaved fion, which doubled following cortisone administration. This has previously been reported (8) . It was possible to conclude from a cortisone time study and analysis of P~ tracer studies that the increase in U was an artifact, the result of aberrant sedimentation of microsomes with u (25) .
T A B L E I I
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in an unexpected fashion, for on'the 2nd day it fell abruptly; then it rose to ~ of the normal value and remained at that level through the 5th day. Because of these changes noted in polymerized RNA, it seemed important to determine whether the total TCA-extractable RNA was also affected. It may be observed in Table VI 
.4-58 (8)
327 -4-30 (12) per cent polymerized RNA fell from 79 per cent to 32 per cent in the whole cell; in the Mit, Mi, and S fractions it also fell significantly, the degree varying with the fraction. In the U fraction, however, the per cent polymerized RNA was unchanged. These data suggested that a factor might be present in cortisone livers which affects the polymerization of RNA. Experiments were designed to test this hypothesis, and the effects of incubation of homogenates of liver on yield of polymerized RNA were determined. The results of a typical incubation Deoxyribonucleic acid, determined as deoxyribose. § Theoretical = average of normal and cortisone value. T ---hot TCA-extractable (total) RNA. P = polymerized RNA. Tab]e V I I I summarizes the data from experiments in which nucleates were precipitated from ethanol at 4°C. rather than 20°C. Results show t h a t with 10 Incubation of homogenates of normal hver to which cortisone acetate (25 mg./gm, of liver) had been added resulted in no change in yields of polymerized ILNA. the cold method, in contrast to the warm method, the cortisone livers yielded an equal or increased percentage of polymerized R N A when compared with the normal, u These d a t a suggested that the R N A from cortisone liver had been altered in vivo in so far as solubility was concerned; alternatively, these d a t a might be interpreted to mean that an enzymic reaction had occurred at 20°C in the alcoholic solution used for initial precipitation from 10 per cent NaC1.
Absorption spectra of fractions obtained at various stages in the preparation of R N A were found useful in reconciling the discrepancy between the results obtained b y the warm and cold processes. D a t a from a typical experiment are contained in Table IX . I t was noted in cortisone animals that UV-absorbing material was obtained in the alcoholic supernatants and the amount was similar with the hot and cold methods. However, the acid supernatants showed striking differences between the two methods. The cold PCA supern a t a n t contained considerably more ultraviolet-absorbing substance when obtained from material processed b y the warm method than from fractions processed b y the cold method. The reverse was true for the hot acid supernatant. I n contrast, in normal animals a constant fraction of the material appeared in both the hot and cold PCA supernatant with either method• These results clearly indicated that the RNA of cortisone livers had become soluble in acid after standing 12 hours at 20°C. in ethanol. 
C O R T I S O N E NUC W A R M W H I T E B A R = P R O C E *~ 8 L A C K I~AR = C O L O PROCESS
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CHART i. Per cent polymerlzed RNA of rat liver particulates.
Table X summarizes the data on effects of cortisone on liver composition but records the alteration per total liver rather than per gram of liver. This simplifies the comparison between the normal and cortisone livers since it obviates the problem of dilution. One may make a number of observations from this table. The changes in N content noted earlier are seen to be largely those of concentration except in Mi, in which there was an absolute de-crease. Lipide P decreased by 50 per cent in Mit, while in the U and Nuc fractions, it rose almost 50 per cent: The total hot TCA-solubte RNA per whole liver was not changed by cortisone; however, some decrease of questionable statistical significance can be noted in Mit and U. The 15 per cent fall in Mi is probably significant and related to a decrease in the other constituents of that fraction. The yield of total polymerized RNA from normal liver was more by the warm than by the cold techniques. In the cortisone livers except in the S fraction, there was more polymerized RNA obtained by the cold than the warm method, and the total polymerized RNA (cold) was more than The effect of cortisone on per cent polymerized RNA is best illustrated in graphic form. In Chart 1, one may observe that conclusions regarding the effect of this agent upon polymerization depend upon the method used to determine RNA. Cortisone actually seemed to increase the per cent of polymerized RNA when determination was by the cold method in contrast to results obtained with the warm technique.
Data obtained from use of a simple counting procedure demonstrated that cortisone decreased mitochondrial numbers in hepatocytes (26) . By the use of these data in conjunction with the analyses contained in Tables II, HI , VI, and VIII, it is possible to calculate the effect of cortisone on the composition of a statistical mitochondrion. In preparation of Table XI, such a calculation has been made. One may observe that after cortisone administration, the total RNA content of each mitochondrion increased considerably, but the largest percentage increase was in the polymerized RNA obtained by the cold method. The lipide phosphorus changed surprisingly little, while the nitrogen content increased almost threefold. (4) : (4) Studies with p3~ were undertaken to obtain information concerning the rate of synthesis of RNA as affected by cortisone. It was necessary for interpretation of p3~ data to demonstrate that inorganic phosphate was made available to the cell at the same rate in the normal and cortisone animals. For this purpose, a time curve of inorganic phosphorus was prepared, and the results are recorded in Table XII and Chart 2. Since the peaks of the curves occurred at almost the same time, and in each instance at a finite time before 1 hour, data obtained at 1 hour concerning P~ incorporation by RNA in normal and cortisone animals should be susceptible of simple mathematical analysis and comparison.
The data in Table X I I I however, probably because of the smallness of the sample could not be demonstrated to be of statistical significance.
DISCUSSION
In considering a given constituent, it is important to distinguish between a simple dilution effect and a true change in the amount per liver. To obviate this difficulty Davidson (27) has proposed DNA as a useful internal reference standard. However, it has recently been shown (28) that one effect of cortisone on hepatocytes is to alter the concentration of DNA per nucleus. Thus, under the conditions of the present experiments, the validity of any calculation based upon the assumption of the constancy of DNA/nucleus would be in question. Therefore, we have chosen to record all data as concentrations but have provided in Table X Differential Centrifugation.--RNA assumes a characteristic intracellular association with cell particulates (14, 29) . It is normally found in greatest amount in the microsomal (Mi) fraction and in decreasing amounts in the mitochondrial (Mit) and ultracentrifugable (U) fractions. The non-sedimentable supernatant (S) also contains a small but significant amount of RNA. Cytoplasmic RNA appears to be heterogeneous in so far as rate of synthesis (20, 30, 31) and purine to pyrimidine ratio are concerned (32) . Furthermore, it appears to exist both as a high molecular weight polymer and as a much less highly polymerized mixture of polynucleotides. The primary effect of cortisone does not appear to be upon the distribution of RNA within the cell but rather the physicochemical properties of the RNA.
Enzymes thought to be related to protein synthesis are associated with the microsomal fraction (33) and it is, therefore, worth noting that the nitrogen content of this fraction fell. Since cortisone affects protein synthesis (5) it is intriguing to note this effect on microsomes. The protein of the microsomes and probably that associated with all particulate RNA is a phospho-lipoprotein-nucleic acid complex (24) . The total lipide P was decreased in cortisone livers and the decrease occurred exclusively in the Mit and Mi fractions. It appears that the Mi fraction is unique, however, for while it suffered a loss of nitrogenous material, as did no other fraction, the ratio of N/Total RN and N/Lipide P remained the same both before and during cortisone administration. Thus, the total mass of microsomal material was altered but the composition was unchanged. No such constancy of composition can be observed in other fractions. Polymerization of RNA12.--The warm alcohol method gave no yield o f polymerized Mit RNA and reduced yield of polymerized Mi RNA from cortisone livers. On the other hand, when the cold alcohol method was used, both Mit and Mi yielded significant amounts of polymerized RNA, the results resembling those found in normal rats when calculated on a per gram basis (Table VIII) . When values of polymerized RNA for the Mit and Mi fractions were calculated on a per liver basis, the cold method yielded amounts of Mit RNA well above normal and of Mi RNA about the same as normal (Table X) . The/act that polymerized RNA could be obtained from these fractions using the cold method and not with the warm method suggests that the structure or solubility of the nucleic acids had been affected by cortisone. The information contained in Table IV concerning UV-absorbing material also indicates this. These data demonstrate that RNA from cortisone-treated mitochondria after standing for 12 hours in ethyl alcohol as sodium nucleates was no longer precipitable from water by 5 per cent TCA. It is quite possible, therefore, that a depolymerase was present in the RNA preparations obtained from cortisone rat liver. This idea is supported by the fact that several authors have reported that the common methods used for isolation of RNA may isolate a ribonuclease as well (34) and it is known t h a t disruption of mitochondria results in an increase in ribonuclease activity (35) . The existence of increased ribonuclease activity in cortisone livers would go far to account for the phenomena observed above (36) . Preliminary data concerning this phenomenon have been presented (37) . Changes with respect to TCA solubihty due simply to the opening or closing of phosphate bonds cannot be excluded, however, by the data available. None of the above information conclusively indicates that cortisone produced any in vivo change in the structure of rat hver nucleic acid. It is important at this point, therefore, to recall the work of Lowe and others (7, 8, 38) with the histochemical reactions of cortisone-treated rat liver. This work indicates that the usual nucleic acid-staining properties of rat liver are altered by cortisone in a manner suggesting loss of RNA (the staining reactions with basic dyes such as toluidine blue or methyl green-pyronine are similar to those of normal tissues which have been pretreated with ribonuclease). These histochemical and biochemical data indicate that some change had occurred in the structure of RNA within the cell; whether this is simply one of depolymerization remains to be investigated.
Ratio of Microsomal Components
Studies with p82 contribute to an understanding of the cortisone effect. It appears from Table XIII that after cortisone administration the rate of synthesis of Mit RNA had decreased. The total amount of polymerized RNA (cold method) in this fraction, however, was significantly increased (Table  X) . Calculation of the Mit-RNA-P 82 pool (Mit RSA >( Mit RNA per liver) both before and after cortisone indicates that these were nearly the same. Hence, using "pool" type of reasoning, one would be led to conclude that there was no change in Mit RNA synthesis after 5 days of cortisone administration. Examination of the data for Mi would lead to the same conclusion. This type of reasoning is valid, however, only if the type of RNA synthesized after cortisone administration was the same as that made before the hormone was given. Since there is reason to believe that the RNA synthesized under the influence of cortisone is different from the normal variant, there is also reason to discard a pool type calculation in evaluating the p82 data on Mit RNA.
How, then can the total amount of Mit RNA be increased if the RSA is decreased? Several explanations are possible. First of all, there may havebeen an increase in the rate of RNA synthesis at some time earlier than 5 days, leading to an accumulation of normal RNA. Secondly, normal RNA may have been made at a normal rate and ~simply accumulated at an abnormal rate because factors concerned with degradation were inoperative. Finally, a different or aberrant RNA with an R S A similar to or different from the normal may have been synthesized and accumulated within the cell; this would prc~ clude the employment of "pool" reasoning. A combination of any of these possibilities cannot be excluded. If one examines each of these possibilities and attempts to correlate them with all the data available, it appears that the most likely explanation is the third. No explanation such as the first or second alone, predicated upon the existence of increased amounts of normal RNA in the liver, is possible since the RNA present in these cells does not stain normally. Furthermore, although the total TCA-extractable RNA of whole cells was not increased by cortisone administration, the po]ymerized RNA (cold) increased almost 60 per cent and accounted for almost 90 per cent of the total RNA. Hence, in all probability some alteration existed in vivo. These data can be interpreted to indicate that there are at least two structurally distinct types of polymerized RNA in the liver. Type 1 stains with basic dyes; it is precipitable out of watery solutions by alcohol or TCA and readily affected by an agent (an enzyme ?) present in the liver of an animal receiving cortisone. Type 2 does not stain with basic dyes;18 it accumulates in abundance u in the liver of cortisone-treated animals, and it appears to have a rate of incorporation of ps, which is different from that of Type 1. I t will be important to isolate these two types of RNA and to determine whether there is a correlation with respect to time between the appearance of Type 2 RNA and demonstration of a "changing factor" or enzyme.
If one assumes from the data presented that cortisone has caused an alter~ ation in the structure of RNA; one has a ready explanation for the cataboIic or anti-anabolic effect of this hormone. RNA is thought to be the template upon which amino acids condense to form new protein. If the template is altered, no new normal protein ~could be synthesized. This reasoning might 13 Solutions used for histological preparation ~of cortisone liver were examined for UV absorption after fixation of liver. There was no evidence that in the process of fixation significant amounts of nucleic acid had been solubilized or extracted by these solutions.
14 If one compares the value for total polymerized RNA (warm method) in the normal, 14.6, to the total polymerized RNA (cold method) in the cortisone liver, 17.2, one observes a striking difference. The lower value m the normal (warm method) could not be due to the operation of a depolymerase in the alcohol step since in the normal liver even incubation at 37°C. hi sucrose caused no significant fall in this value (Table IX) . This of course does not preclude the operation of such an enzyme after cortisone. also explain in part the means whereby cortisone interferes with growth of tumor tissue.
S U M M A R Y A N D C O N C L U S I O N S
An investigation of the effect of cortisone administration upon the chemical composition of intracellular particulates of rat liver has been made. Livers were homogenized in 0.25 ~ sucrose solutions and submitted to differential centrifugation. Five fractions were prepared: mitochondria (Mit), microsomes (Mi), ultracentrifugable (U), non-sedimentable (S), and nuclear (Nuc). Measurement was made of total and polymerized RNA, nitrogen, lipide P, and uptake of p89 by the RNA of each fraction. The following observations were made:--Cortisone administration caused a fall in concentration in all measured constituents except glycogen. On a per liver basis, however, total liver RNA was unchanged in amount; nitrogen content of Mi fell and that of S increased; the lipide P of Mit and Mi also decreased. The biochemical composition of a statistical mitochondrion was significantly altered; in contrast, the microsomal fraction decreased in amount, but the relationship between the chemical constituents was unchanged.
When polymerized RNA was sought by a process involving precipitation from ethanol at 20°C., none was found in the Mit of cortisone livers and the amount in Mi was much less than found in the normal. When, however, precipitation was conducted at 4°C., yields of polymerized RNA in all fractions after cortisone were equal to or greater than those found in the normal. Furthermore, incubation of mixtures of homogenates from normal and cortisone livers resulted in loss of warm precipitable RNA.
These data strongly suggest the presence of an enzyme in cortisone livers which upon incubation with normal livers made preparation of polymerized RNA virtually impossible by use of the warm method. This agent, thought to operate in vivo and in vitro, was not present in significant amounts in normal livers, since incubation in this instance had no effect upon the amount of polymerized RNA.
Mit from cortisone livers obtained by the cold technique had a significantly decreased rate of incorporation of pn even though the yield of RNA from this fraction was increased. To reconcile these observations, it was proposed that under the influence of cortisone a variant of normal RNA is synthesized or normal RNA is converted to this variant. This "new" RNA has new solubility properties, a new rate of incorporation of P~, and conceivably it cannot act as a template for normal protein synthesis.
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